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V. A Defeription of a new ConJlruBion of Eye-glajfes for fucb 
‘Tele[copes as may be applied to Mathematical Inftruments , 
By Mr. Ramfden communicated by Sir Jofeph Banks, Bart. 
P. R, S. 


Read December 19, 1782, 

T O correct the errors in eye-glafles,arifing from their fpheiv 
cal figure, and alfo from the different refrangibility of 
light, it has been held abfolutely neceflary to have two, placed 
in luch manner, that the image formed by the objeCt-glafs of 
the telefcope fhould be between them; but in thofe telefcopes 
that are applied to mathematical inftruments, the interference 
of the firft eye-glafs before the image is formed is productive of 
many bad conferences; fhould that eye-glafs have the leaft 
fhake or motion whatever, it totally alters the adjuftment of 
the inftrument; .and the diminifhing alfo of the image by this 
pofition, obliging us to fhorten the focus of the nearer eye- 
glafs, the wires in the focus of the telefcope are thereby conil- 
derably more magnified than they would have been with the 
fame power, had both the eye-glaffes been put between the 
image and the eye. 

Many defedls in the micrometer with moveable wires are 
caufed by the conftrudlion of the eye glafles of the telefcope to 
which it is applied, if only one eye-glafs is ufed, the field is 
fo contracted, that it is impoflible to meafure the diameter of the 
fun or moon with precifion, if the telefcope magnifies above 30 

times; 
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times; and if, to enlarge the field, we ufe the prefent con- 
ftruCtion of two eye-glafi'es, the confequence is yet worfe ; 
bee a ufe equal fpaces between the wires will not then correfpond 
to equal fpaces on the objeCts it. reprefents, as thofe conver- 
fant in the theory of optics well know ; and this inequality 
depending on the form, pofition, and refraCtive power of the 
firft eye-glafs, it will be impoffible to have data fufficiently 
exact to allow for that error, 

Thofe wlio were fenfible of this defeCt have thought to correCt 
it- by the application of an achromatic eye-glafs, on the prin¬ 
ciple of that kind of objeCt-glafs, not fuppofing it poffi- 
ble to correCt the aberrations from the different refran- 
gibility of light, and alfo from the fpherical figure of 
the lenfes by any other means than combining a concave lens 
with the convex ones; but the violent and contrary refractions 
from the neceffary large fize of the lenfes in proportion to their 
focal lengths, not only occafioned great lofs of light, but 
rendered it impoffible to correct the fpherical aberration fo as to 
obtain an angle of vifion much larger than could be had by a 
tingle eye-glafs : yet, however abfurd it may have appeared to 
attempt correcting both aberrations, when the lenfes are both 
convex, and are on the near fide of the wires, the following 
obfervations will fhew the practicability of it, and may throw 
fome light on the theory of eye-glafles which feems hitherto 
not well under flood. 

Sir Isa ac newton has fhewn in his LecItones Optica, in that 
feCtion De Phcenomenis luclsper prifma in Oculum tranfmlJJ'a , that- 
the appearance of colours on the edges of objeCts when viewed 
through a prifm depends on the proportion of the diftance be¬ 
tween the prifm and the objeCt, compared with that between 
the prifm and the eye, that is to fay, the nearer the objeCt is- 
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p6 Mr. ramsben on a new ConftruSlion 

brought to the priftn, the lefs will be the bordre of colours 

on the contours of the objeft. 

To apply this to practice I placed a piano convex lens a (vide 
fig. i.) with its plane fide near an objeft, or an image IN formed 
by the objeft-glafs of atelefcope, and thus magnified the image 
which, from the pofition of the lens, was feiifibly free from 
colour ; but - the ' refpeftive foci of a lens fo placed being very 
near each other, and on the fame fide, the emergent pen¬ 
cils diverge on the eye, and -give indiftinft vifion: this 
was remedied by placing a fecond lens k a little within the 
focus of the former, the combined foci of the two lenfes 
being'in the place of the image, the rays were thereby made 
to fall parallel on the eye, and to fhew the objeft IN diftinftly. 
If, by putting thedens a very near- the image, any imperfeftion 
in it becomes too vifible, that diftance may be confiderably in- 
creafed, without producing any bad effect; for theory, as wellas 
experiment, fihews, that a fmall aberration from the different 
refrangibility of light is of little confequence compared with 
the fame quantity of aberration caufed by the ipherical figure 
of the lenfes, but even that colouring may be corrected in the 
nearer eye-glafs ; for let a fay {fig. 2.) from an object 0, by 
paffing through a lens B, be feparated into colours, ac being 
the di reft ion of the violet rays, and at that of the red; if 
another lens be put at c, the violet rays paffing through its 
center will fuffer no refraftion, while thofe of the red, paffing 
at fome diftance from thence are refrafted, and the emergent 
red and violet will be parallel, when the mean refrafting 
angle of the lenfes at the incidence of each pencil are to one 
another inverfely as the diameters of thofe pencils. 

If we attend to this pofition of the eye-glafles, it will be 
found equally advantageous for obviating the Ipherical aberration 

of 
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of an oblique pencil as-that from colour. In both, where 
there is a neceffity for having a large portion of a fphere, we 
have only to make the pencil on fuch lens as Imall as poffible, 
and we may regulate the direftion of the rays in each pencil at 
pleafure when they approach the axis of the telefcope. 

To illuflrate this, let us compare the effect of the fpherical 
aberration of a lens on an oblique pencil in this petition with 
that produced by the fame lens, placed as ufual at its focal 
diffance from the image. Let AC, fig. 3. reprefent the femi- 
objeft glafs of a telefcope'T CT its axis, E an eye-glafs, and F 
the common focus of both the objedt-glafs and eye-glals. Let 
AFC be an oblique pencil of homogeneous rays, G and H the 
points where the axis and the extreme rays pafs through the 
eye glafs: the aberration of this pencil from the fpherical 
figure of the lens E will be EG 3 — EH 1 ; but as the lens ap¬ 
proaches towards F, EG and GH, becoming equal, this caufe 
of aberration vanifhes accordingly. The effects of the lens k 
will be altogether inlenfible from the fmallnefs of its aperture ; 
or it might be corre&ed in the figure of the objed-glafs, by 
making its aberration negative as much as this is affirmative. 

It has been ufual to confider that form and pofition of the 
eye-glaffes beft that would make the pencils from every part of 
the field interfed each other in the axis of the telefcope at the 
place of the eye ; but this will be found of little confequence, 
feeing the diameter of a pencil here is generally much lefs than 
the pupil, nothing more is requifite than that the eye may take 
in the pencils from the different parts of the field at the fame 
time: but the field of a telefcope will be raoft perfect when 
the conftrudtion of the eye-glafles is fuch, that the focus of 
an extreme and of central pencil are at the fame diftanc.e 
Vol. LXXI 1 I. O from 
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from the eye. The difpofition above defcribed will be found 

conformable to that idea. 

Let AB (fig. 4.) reprefent an image formed by the objedt- 
glafs of a telefcope, V the fad; eye glafs, as already defcribed, 
with its plane fide towards the image; let AC be the axis of a. 
pencil of rays incident on the fir ft furface of the lens V, and he 
an extreme ray of the fame pencil. Take CF to CA as the fine of 
Incidence out of air into glafs is to the fine of refradtion, 
and F will be the focus of this pencil after palling through, 
the firfl furface of the lens Y. From the point F draw the. 
angle CIY, the incident pencil on the fecond furface of this 
lens, continue the lines FC and F<? to b and r refpedtively, and 
draw the perpendiculars OI and OK on the point C, defcribe the. 
arc nd, and making cd to ab , as the fine of refradtion out of 
glafs into air is to the fine of incidence, draw cd continued till 
k cuts the axis in P. In like manner, on a center e defcribe 
the arc mg, and making yg to or as the fine of the angle of re¬ 
fradtion is to that of incidence* draw the line egQj continue it 
and the line Cd backward till they meet each other in h , and it 
will be the focus of the emergent pencil, from the fecond fur¬ 
face of the lens V. On. the axis CF fet off the diftance C ds 
equal to C h, and draw es and Ce. Now it is evident from the 
figure, that the focus of the emergent pencil will be nearer to 
C. than the objedt itfelf, in the proportion the angle C se 
exceeds the angle CAe. 

Thus, from the great angle of incidence of the oblique pen¬ 
cil on. the fecond furface of the lens, the focus of the emergent 
pencil is brought nearer to P the fecond eye-glafs, while that 
of the principal pencil remains the fame, or very nearly fo;. 
and the image will become more diftindt towards the edge of 
the field the nearer Ph and PX approach to equality. 
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To give a proper demonftration and theorem for the exadt 
form of the fir ft lens, according to its diftance from the image, 
would require more leifure than is confiftent with the fitua- 
tion of one not very converfant with mathematics. That 
diftance, in proportion to the focal length of the lens,, fo that 
any unavoidable defedl' in it may become invifible, muft be 
^determined by experiment. If any variation be made in the 
form of this lens, it will be better to make the plane fide rather 
a little convex than concave. By the latter the image would be 
-diftorted by the too great obliquity of the rays near the extre¬ 
mity of the lens. 

Thus we have a fyftem of eye-glaffes which may be taken 
out of the telefcope, in order to wipe them at pleafure. Or 
the magnifying power of the telefcope may be varied without 
affedling the line of collimation, or in any manner altering the 
adjuftment of the inftrument to which fuch telefcopes may be 
applied with many other advantages. In the prefent im¬ 
proved ftate of telefcopes too, the difagreeable appearance of the 
wires from the great power of the eye-glaffes is in a great de¬ 
gree remedied. The fame principle may be ufefully employed 
in many other cafes. What is herein contained is only to be 
confidered as an explanation of this very ufeful conftrudKon, 
and which is given in hopes that fome perfon of more abilities in 
the fcience of optics will favour us with a general theorem, in 
order that its application may be more univerfal. 
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